BACKGROUND: Grade 2 nodular sclerosis classical Hodgkin lymphoma (NSCHL) is less common than grade 1 lymphoma and has a worse overall prognosis. To the best of the authors' knowledge, no study of a large series of cases has been performed until now. The objective of this study was to assess the diagnostic efficacy of cytology for grade 2 NSCHL versus grade 1 NSCHL and study the morphological features of grade 2 NSCHL in fine-needle aspiration cytology (FNAC).
INTRODUCTION
Hodgkin lymphoma (HL) constitutes 10% of all lymphoma cases. 1 In classic HL, the most common subtype is nodular sclerosis classical Hodgkin lymphoma (NSCHL). Grade 2 represents 15% to 25% of NSCHL cases, and the syncytial variant is the most common morphological type seen via histopathology. Few case reports highlighting the cytomorphology of this variant have been published. 2, 3 Grade 2 NSCHL is characterized by sheets and clusters of mononuclear and bizarre cells with very few Hodgkin cells, which may be missed by cytology. Many cases may show a suppurative background without an increase in eosinophils. Moreover, lacunar cells seen on histopathology may be difficult to identify in cytology smears. Hence, many of these cases may be misdiagnosed as an anaplastic large cell lymphoma (ALCL), carcinoma, germ cell tumor, sarcoma, or melanoma. 3 To the best of our knowledge, the cytomorphological features of this variant have not been studied previously and have been mentioned only in some case reports.
In this study, we assessed the diagnostic efficacy of cytology for grade 2 NSCHL cases versus grade 1 NSCHL cases. We also studied the morphological features of grade 2 NSCHL in fine-needle aspiration cytology (FNAC), which may provide a clue to the diagnosis.
MATERIALS AND METHODS
We searched for histopathology cases reported as NSCHL from January 2014 to June 2016. There were 115 cases reported to be NSCHL by histopathology, and 25 were grade 2 NSCHL. FNAC was performed for 51 of the 115 histopathologically proven cases of NSCHL in the cytopathology department of the same institute: 15 cases (18 FNAC procedures) were grade 2 NSCHL, and 36 were grade 1 NSCHL. All the FNAC procedures were performed by cytopathologists using a 23-gauge needle. Airdried smears were stained with the May-Gr€ unwald-Giemsa stain, and smears fixed in 95% ethanol were stained with hematoxylin-eosin. Retroperitoneal lymph node FNAC or visceral FNAC was performed under radiologic guidance by cytopathologists. If additional material was available, it was fixed in 10% formalin for cell block preparation; however, immunocytochemistry was not performed for any of the cases because of the paucity of material for most of them.
All the cases were diagnosed as grade 2 NSCHL according to British National Lymphoma Investigation grading for histopathology, and this was confirmed with immunohistochemistry (IHC). A surgically resected lymph node was fixed in 10% neutral buffered formalin and embedded in paraffin, and the sections were stained with hematoxylin-eosin. Immunohistochemical staining via the immunoperoxidase method was performed with antibodies against CD20 (L26 clone; Dako; dilution, 1:500), CD3 (polyclonal; Dako; dilution, 1:250), CD15 (C3D-1 clone; Dako; dilution, 1:20), CD30 (BerH2 clone; Dako; dilution, 1:50), CD45RO (UCHL1 clone; Dako; dilution, 1:200), paired box 5 (PAX5; DAK-PAX5 clone; Dako; dilution, 1:40), and anaplastic lymphoma kinase (Alk; CD246; Dako; dilution, 1:100).
The cytological diagnoses of grade 1 and 2 NSCHL cases were grouped under the following subheadings according to the original cytology reports: 1) HL, 2) suggestive of HL, 3) lymphoma (HL/ALCL), 4) ALCL, 5) malignant neoplasm (lymphoma not excluded), 6) benign/ granulomatous inflammation, and 7) nondiagnostic. The diagnostic efficacy of FNAC for histopathology-proven grade 1 and 2 NSCHL was compared. Clinical details for all cases of grade 1 and 2 NSCHL were retrieved from the FNAC requisition forms. The significance of differences in various parameters was determined with the Student t test and SPSS 16.0 software. The slides were reexamined by 2 cytopathologists (S.S. and P.D.), and the cytomorphological features were studied in detail to assess the pitfalls leading to the misdiagnosis of these cases and cytomorphological clues that could help in cases of suspected HL. This was a retrospective study and no extra tests were done on the patients' material. This study protocol was accepted from the Departmental review committee.
RESULTS
A total of 51 patients with histopathology-and IHCproven NSCHL had previously undergone FNAC. Thirtysix of these patients had grade 1 NSCHL, and 15 had grade 2 NSCHL. Table 1 summarizes the cytological diagnoses for each type. In the grade 1 NSCHL group, 21 patients (58.4%) were diagnosed with HL or had findings suggestive of HL, and 7 patients (19.4%) were diagnosed with lymphoma with the possibility of HL or ALCL. None of the cases were diagnosed with ALCL or a malignant neoplasm. In the grade 2 NSCHL group, there were 15 patients: only 3 cases (20%) were diagnosed with HL or had findings suggestive of HL, and 5 cases (33.3%) were diagnosed with lymphoma with the possibility of HL or ALCL. Two cases (13.3%) were given a diagnosis of ALCL, and 4 cases (26.7%) were diagnosed with a malignant neoplasm (lymphoma not excluded). One case yielded scanty material and was reported to have reactive lymphoid hyperplasia. The percentage of cases diagnosed with HL or having findings suggestive of HL was significantly higher in the grade 1 NSCHL group versus the grade 2 NSCHL group (P < .001 and P 5 .046, respectively). Misdiagnosis of HL as a malignancy was seen in the grade 2 NSCHL group, and the difference from the grade 1 NSCHL group was statistically significant (P < .001). Nondiagnostic FNAC material was obtained for 5 cases of grade 1 NSCHL and for none of the cases of grade 2 NSCHL; the difference was statistically significant (P < .001).
The presenting features of grade 1 and 2 NSCHL cases were studied. A summary of the clinical details is shown in Table 2 . A total of 37 FNAC procedures were performed for 36 patients with grade 1 NSCHL; the mean age was 35.5 years, and the male/female ratio was 11/7.
Cervical lymph nodes were the most common site for FNAC (64.9%), and they were followed by supraclavicular, axillary, retroperitoneal, and inguinal lymph nodes. Splenic FNAC was performed in 1 case. One patient had swelling over the forehead, and in 1 case, a lung lesion was present. In the grade 2 NSCHL group, 18 FNAC procedures were performed for 15 cases; 11 were male, and 4 were female. The age ranged from 4 to 46 years, and the median age was 26 years. Sixteen FNAC procedures were performed at lymph nodes (10 cervical, 2 axillary, 2 supraclavicular, 1 infraclavicular, and 1 retroperitoneal lymph nodes), and 2 FNAC procedures were performed at extranodal sites (thyroid [n 5 1] and lung [n 5 1]). One was a known case of HL, and 2 cases were misdiagnosed as ALCL and were reviewed later (1 case was reported outside our institute). No significant differences were noted in the presenting features of the patients with grade 1 and 2 NSCHL.
All cases of grade 2 NSCHL were diagnosed by histopathology, and IHC was performed with a panel of CD30, CD15, CD3, CD20, PAX5, CD45, and Alk. The details of the histopathological diagnosis and IHC are given in Table 3 . The neoplastic cells showed positivity for CD30 in 14 of 15 cases and for CD15 in 9 of 15 cases. CD45 was negative in all cases. PAX5 testing was performed for all cases except 1 and showed faint nuclear positivity in all cases. Alk testing was performed for 9 of 15 cases and was negative. Case 1 had been misdiagnosed outside our institute as ALCL. However, repeat biopsy at our institute confirmed the case as grade 2 NSCHL. Case 7 was initially given the diagnosis of ALCL at our institute on the basis of CD30 positivity and CD15 negativity; however, PAX5 testing was performed later and showed dim nuclear positivity. Most of the cases of grade 2 NSCHL had cellular nodules and were classified as the syncytial variant. Two cases exhibited fibrohistiocytic composition in more than 80% of the nodules, and 1 case showed bizarre cells in more than 25% of the nodules without depletion of the lymphoid component.
All the cases were assessed for a variety of cytomorphological features; the details are provided in Table 4 . Smears were highly cellular in 11 of 18 cases (61%). Four cases had low cellularity. Cell clustering was seen in most cases (14 of 18 or 77.8%; Fig. 1A ) except for those with low cellularity. In all the cases with high cellularity, clusters of mononuclear cells were seen (Fig. 1B) . Few to many multinucleated cells were seen in 11 of 18 cases (61%), and 3 cases showed an occasional multinucleated cell (Fig.  1C) . Cytological counterparts of lacunar cells were seen in Original Article 12 of 18 cases (66.7%; Fig. 1D,E) . Typical ReedSternberg (RS) cells were seen in 16 of 18 cases (88.9%); however, 11 cases showed only occasional RS cells with extensive searching (Fig. 1F) . Epithelioid cell granulomas were seen in 7 cases, and 2 of these cases showed few to many granulomas ( Fig. 2A) . Few to occasional fibroblasts were seen in only 4 cases (22.2%; Fig. 2B ). The cells were present with a polymorphous background. Five cases showed predominantly neutrophils in the background (Fig. 2C ), whereas 9 cases showed a lymphocytepredominant background (Fig. 2D) . A histopathological examination was performed for all cases (Fig. 3A,B) , and this was confirmed with IHC ( Fig. 3C-E) ; 12 of 15 cases were classified as the syncytial variant of grade 2 NSCHL. Two cases had a fibrohistiocytic pattern on histopathology (Fig. 3F,G) ; FNAC for 1 case showed few fibroblasts and histiocytes in the background. However, no significant difference in morphology from the syncytial pattern could be appreciated. One case had been misdiagnosed with FNAC as ALCL because of bizarre, multinucleated, and wreathlike cells (Fig. 4A,B) . However, no definitive hallmark cells were noted, and occasional lacunar-like cells were noted on review. Histopathology showed sheets of atypical and bizarre cells (Fig. 4C,D) , and the cases were confirmed as grade 2 NSCHL on IHC (Fig. 4E,F) .
DISCUSSION
FNAC is usually the first investigation performed to evaluate a case of lymphadenopathy and is commonly used for the diagnosis of HL. 4, 5 NSCHL is the most common subtype of classic HL and constitutes 70% of cases. According to the World Health Organization classification, NSCHL is a subtype of classic HL with lacunar-type Hodgkin/RS cells and collagen bands surrounding at least 1 nodule. 6 The British National Lymphoma Investigation group further divides NSCHL into grades 1 and 2. This grading is performed according to the cellularity of nodules, degree of sclerosis, and atypia of neoplastic cells. These grades predict substantial differences in survival, with grade 2 NSCHL tumors having a more aggressive course. 7, 8 A histopathological diagnosis of grade 2 NSCHL is based on the presence of 1 of 3 patterns: 1. More than 25% of the nodules are cellular consistent with the pleomorphic or reticular subtype of NSCHL (syncytial variant). 2. More than 80% of the nodules show a fibrotic or fibrohistiocytic composition. 3. More than 25% of the nodules contain numerous large bizarre or anaplastic cells in the absence of depletion of the reactive small lymphoid component. 9 Few reports in the literature describe FNAC findings for grade 2 NSCHL, which is characterized by loose clusters, syncytial aggregates, and sheets of neoplastic cells with occasionally prominent nucleoli. 2, 9 The cytomorphology can be difficult to distinguish from ALCL, carcinoma, melanoma, germ cell tumors, or sarcoma. 3 Characteristic lacunar cells seen in histopathology occur because of a retraction artifact in formalin-fixed tissues, which is not seen in cytology smears. This variant of NSCHL may be difficult to identify with cytology; however, certain features can suggest a possibility and prevent a misdiagnosis. There are few case reports describing the morphological features of the syncytial variant of NSCHL on cytology. 2, 3 However, to our knowledge, the cytomorphology of a large series of cases has not been studied. In this study, we compared the diagnostic efficacy of FNAC for grade 1 and 2 NSCHL and studied the morphological features, which could provide a clue to the diagnosis. The diagnostic efficacy of FNAC was much higher for grade 1 NSCHL than grade 2 NSCHL, with 58.4% and 19.4% of the cases, respectively, being diagnosed with HL or having findings suggestive of HL; the difference between the 2 groups was statistically significant (P < .001). The results for 22.2% of the grade 1 NSCHL cases were reported to be false-negatives (benign lesion/ granulomatous inflammation [8.3%] or no diagnosis due to scanty material [13.9%]), whereas for grade 2 NSCHL cases, the results for only 6.7% were reported to be falsenegatives. The possibility of misdiagnosis as a malignancy was greater for the grade 2 NSCHL group (40%), in which 2 cases were diagnosed as ALCL and 4 cases were diagnosed as a malignant neoplasm. However, none of the cases of grade 1 NSCHL were misdiagnosed as ALCL or a malignancy by cytology (P < .001). Two cases were misdiagnosed by histopathology, and a revised diagnosis was given. None of the cases of grade 1 NSCHL were misdiagnosed by histopathology.
Most of the cases of grade 2 NSCHL were cellular and showed sheets and clusters of mononuclear cells, which can mimic other malignancies. Many multinucleated and bizarre cells were also noted. In 1 case, bizarre cells resembled the wreath cells of ALCL, which led to a misdiagnosis. 10 RS cells were present in very low numbers in comparison with the RS cell variants, and an extensive search for these cells was required. Only 2 cases did not show RS cells because of scanty cellularity: one showed few scattered mononuclear cells, and the other showed scanty lymphoid cells only. Cytological counterparts of lacunar cells are difficult to recognize; however, with the morphological criteria described, we found lacunar cells in 12 cases. Lacunar Hodgkin/RS cells have been described in imprint cytology as multilobated cells with fine chromatin, multiple small-to medium-sized nucleoli, and abundant vacuolated cytoplasm. 11 Jogai et al 12 also described lacunar cells in cases of NSCHL. RS cells are 20 to 30 mm in diameter with a binucleate or bilobed nucleus, a prominent eosinophilic nucleolus giving an owl-eye appearance, and basophilic cytoplasm. Mononuclear Hodgkin cells are large cells with a single prominent eosinophilic nucleus. Fibroblasts were found in only 4 cases. This could be attributed to the high cellularity of these smears with a lack of collagen bands at the site of FNAC. IHC is required for the confirmation of the diagnosis and for the exclusion of other possibilities. RS cells are derived from B lymphocytes and do not express B-cell markers such as CD20 and CD79a. CD30 antigen is characteristic for RS cells, whereas CD15 is seen in 75% to 85% of RS cells. PAX5 (B cell-specific activator protein) is an important marker and is helpful in differentiating it from ALCL. 13 Cytomorphology can provide only a suspicion for HL in these cases, and the possibilities of ALCL and other malignancies need to be excluded by IHC. If a cellular cell block is available, immunocytochemistry can be attempted with the cell block; otherwise, biopsy is required. During routine cytology reporting, it is difficult to subtype NSCHLs and grade them properly. Various studies have shown a poor prognosis with grade 2 NSCHL versus grade 1 NSCHL. 7, 8 Moreover, it is important to be aware of the morphology of grade 2 NSCHL because this can often be confused with ALCL or other malignancies. Therefore, cytopathologists should be aware of the detailed cytomorphology of grade 2 NSCHL. The detection rate on cytology smears is much higher for grade 1 NSCHL than grade 2 NSCHL despite the relatively high cellularity in the later lesion type.
Original Article
In summary, grade 2 NSCHL can mimic ALCL or other malignancies. In contrast to most cases of HL in which neoplastic cells form a minor population, we usually find sheets of mononuclear cells, many multinucleated cells, and bizarre cells. However, the search for an occasional RS cell and the identification of lacunar cells can give a clue to the diagnosis. IHC is required for the final diagnosis, and in the absence of a good cell block, histopathological confirmation is essential.
FUNDING SUPPORT
No specific funding was disclosed.
